A prognostic index for predicting significant coronary artery disease was established using multiple logistic regression analysis of clinical data from 643 patients with valvular heart disease who had undergone routine coronary arteriography before valve replacement. The index or equation obtained incorporated the presence of angina, a family history of ischaemic heart disease, age, cigarette smoking habits, mitral valve disease, sex, and electrocardiographic evidence of myocardial infarction. The equation was validated using prospective data from 387 patients with valvular disease and shown to enable almost a third of routine coronary arteriograms to be omitted while maintaining 95% sensitivity for patients with coronary artery disease. Similar analysis of the more detailed prospective data produced a second discriminant function incorporating diastolic blood pressure, total cigarettes smoked in life, the severity of angina, family history of ischaemic heart disease, age, current cigarette smoking habits, and the ratio of total to high density lipoprotein cholesterol. This method improved the discrimination between patients with and without coronary artery disease, allowing omission of 30% of routine coronary arteriograms with 100% sensitivity for patients with coronary disease and omission of 41% with a 96% sensitivity level.
Introduction
In many cardiac centres routine coronary arteriography is performed before valve replacement in all patients over 40 years of age with valve disease. This is done, firstly, to detect coronary artery disease, which has been shown to be a major determinant of prognosis during and after valve replacement,1 2 and, secondly, to assess the anatomy of the proximal left coronary artery in case selective coronary cannulation and perfusion are necessary at operation.3 Several workers4-6 have suggested that only patients with angina need coronary arteriography since those without angina are unlikely to have appreciable coronary artery disease. This advice has, however, been shown to be ill-conceived by other studies,7-' which have found an incidence of coronary artery disease of 10-20% in patients with valvular disease without angina. Since routine coronary arteriography demands extra time, expense, equipment, and irradiation and carries its own (albeit small) morbidity and mortality,"-3 it would be useful to have a reliable non-invasive method of predicting those patients least likely to have coronary artery disease, in whom arteriography could be omitted.
Impressive epidemiological evidence' 4-' 7has established a strong association between certain clinical characteristics and an increased likelihood of developing the clinical manifestations of coronary artery disease, and some workers6 -18 have derived from these characteristics methods of predicting an individual's risk of myocardial infarction or sudden cardiac death.'9 A few studies20-25 have examined the association between these risk factors and arteriographic evidence of coronary artery disease, but none has investigated the use of a risk-factor profile to predict the presence of coronary artery disease in patients with valvular heart disease.
We carried out two separate studies on patients with valvular disease undergoing routine coronary arteriography before valve replacement. In the first study a discriminant function for identifying patients with and without significant coronary artery disease was established from risk factor data collected retrospectively. Subsequently, a more detailed prospective study was performed both to validate the derived discriminant function and to compute an improved index from the more comprehensive data collected.
Patients and methods
Retrospective study-The clinical details shown in fig 2. Again, the constant term was adjusted so that all patients with a negative score were found not to have major coronary artery disease. This second index clearly discriminated better between patients with and without major coronary artery disease, although a zone of overlap still existed. With a critical score of 0 coronary arteriograms could have been omitted preoperatively in 29-6% of patients (those with a negative score) in the knowledge that all patients with significant coronary artery disease would have been correctly identified (see table VII). Increasing the critical score to 500 would have resulted in the omission of over 40% of routine coronary arteriograms at the expense of missing 4% of significant coronary artery lesions. 
Discussion
Our results show that clinical and laboratory data can be used to identify patients with significant coronary artery disease. We have shown that multivariate analysis of even simple clinical data on risk factors can establish a discriminant function which enables 30% of routine preoperative coronary arteriograms to be omitted while maintaining a 96% yield ofpatients with significant coronary artery disease. By analysing more detailed risk factor data, the discriminant function can be improved even further, so that 30% of routine coronary arteriograms can be saved without missing any patients with significant coronary disease and over 40% can be omitted while maintaining 96% sensitivity for patients with coronary disease.
Application of the multiple logistic regression technique to the prospective data has enabled us to assess the contribution of each factor to the overall angiographic picture of coronary disease. It has taken into account the interdependence of these factors and determined which collectively are most important. A combination of seven characteristics was of particular value in discriminating between those most likely and those least likely to have appreciable coronary artery disease. These characteristics include the severity of angina and five important coronary risk factors-namely, diastolic blood pressure, cigarette consumption, family history of ischaemic heart disease, total :HDL-cholesterol ratio, and age. The importance of the severity of angina is selfevident and the others are well-established as important epidemiological risk factors for the clinical manifestations of ischaemic heart disease.14-17 The diastolic blood pressure appears to be a particularly significant independent risk factor for coronary disease in patients with valve disease and is of recognised epidemiological importance in the general population as a whole. 39 Cigarette smoking features prominently. The total number of cigarettes smoked in life is particularly important, and even though the figure given by a patient is at best only a rough estimate of cigarette consumption, it appears to be more important than the current rate of smoking which has been adopted in most studies. Current smokers appear to be more likely to have significant coronary artery disease than former smokers. A family history of ischaemic heart disease may represent the genetic proportion of coronary risk, since other workers have shown that hyperglycaemia,40 hyperlipidaemia,4' 42 raised blood pressure,43 and low levels of HDL44 4 tend to run in families. The total:HDL-cholesterol ratio was found to be the most important lipid predictor of coronary artery disease and this evidence supports previous suggestions from Framingham46 that this ratio is the single most useful predictor of risk from coronary heart disease. Age itself is also an important risk factor. Age probably reflects the duration of exposure to the other more important risk factors in addition to its individual correlation with others, such as systolic blood pressure and serum cholesterol, but there may be a more subtle causal relationship between age and the development of coronary artery disease.
This statistical analysis does not imply that those variables excluded from the final equation are not important indicators or predictors of coronary artery disease. It means that after the information in the equation has been taken into account, the remaining variables fail to further discriminate between patients with and without appreciable coronary artery disease. Thus, although the length of history of angina, history of myocardial infarction, diabetes mellitus, systolic blood pressure, serum cholesterol, triglycerides, and urate were significant indicators of the presence of coronary disease in a univariate analysis (unpublished data), these were found to be of little value after the other factors had been taken into account.
This technique of selecting patients with valve disease who are at low risk of coronary artery disease is potentially important in reducing the number of routine coronary arteriograms necessary before valve replacement. This could save time and expense and reduce irradiation exposure and the morbidity and mortality associated with this procedure. Nevertheless, although we have shown that our initial discriminant function is valid by applying it to the prospective data, the "improved index" developed in the prospective study remains unvalidated. It is therefore most important to examine the performance of the improved second equation by applying it to independent data from a new population of patients, and we have recently started such a prospective study.
